A standard solution (1 mg mL -1 ) of each drug was prepared by dissolving the drug in bidistilled water. In case of commercial samples, drug powder containing 50 mg of the drug 2012
Introduction
The discovery of penicillins in the middle of the last century (1928) revolutionized the treatment of patients with infectious disease. Eight years later, β-lactam antibiotics were used most frequently as antibacterial agents, including penicillin derivatives, cephalosporins, carbapenem, monobactams and β-lactamase inhibitors. 1 The chemical structures of the studied β-lactam antibiotics are shown in Fig. 1 . Eighteen penicillins have been identified on silica gel and on silanized silica gel. 2 The chromatographic behavior of penicillins has been studied on thin layers of titanic silicate 3 and stannic arsenate-cellulose. 4 Cephalosporins have been separated on 4% methanolic CTAB impregnated silica layers, 5 double hydroxide layers of Al(III) and Mg(II), 6 an EDTA impregnated silica gel G plate, 7 a stannic oxide layer, 8 silica gel G impregnated with zinc ferrocyanide, 9 silica-gel G layers impregnated with transition-metal ions 10 and a densitometric thin-layer chromatography (TLC) method. 11 Various cephalosporins have been identified by color reactions with fluorescamine, 12 dragendroff's reagent. 13 β-Lactam antibiotics (penicillins and cephalosporins) have been resolved using impregnation of the stationary phase with ammonium salt. 14 Meropenem (MRPM) has been determined in human plasma [15] [16] [17] [18] and serum concentration 19 by high-performance liquid chromatography (HPLC) with ultraviolet detection and RP-HPLC in pharmaceutical dosage forms. 20 Imipenem (IMPM) was determined in serum and human plasma, respectively, by HPLC 19, 20 and RP-HPLC in human urine serum. 21 Doripenem (DRPM) was identified and separated by using both TLC and HPLC techniques in bulk, 22 quantified in human plasma by HPLC 19 and both in human plasma and peritoneal fluid by HPLC. 23 TLC is an economic separation method in comparison to HPLC. In TLC, various phase systems can be checked at the same time without any expensive apparatus. To achieve improved chromatographic performance in terms of selectivity, resolution and reproducibility, thin layers possessing different characteristics than those commonly used in TLC have been introduced. The practical utility of metal salt modified thin layers restricts the tailing of spots and improves the resolution. The present paper describes a systematic approach for the improved separation of β-lactams on thin layers of silica modified with transition-metal silicate (TMS). The method is found to be reproducible and convenient for the qualitative and quantitative analysis of Amoxicillin (AMX), Ampicillin (AMP), Cefotaxime (CFTX), Ceftriaxone (CTRX), Cefpodoxime (CFPD), Cefaclor (CFCR), Cefuroxime (CFRX), MRPM, IMPM and DRPM in its dosage forms. The chemical structures of all studied β-lactase are shown in Fig. 1 .
Experimental

Apparatus
A TLC applicator (Toshniwal, India) was used for coating TMS modified silica layers on 20 × 20 cm 2 glass plates. A hot air oven (Shivaki, Delhi, India) was used to dry the plates at about 100 ± 2 C for 2 h, and then stored at room temperature in a closed chamber. Chromatography was performed in a glass jar.
Reagents, chemicals and solutions AMX and AMP (CDH, Mumbai, India), CFCR (Aristo Pharmaceuticals, Mumbai, India), CFRX (Glaxo India Ltd., Mumbai, India), CFPD (Covalent Laboratories Pvt. Ltd., Hyderabad, India), CFTX (Roussel India Ltd., Mumbai, India), CTRX (Otomotive Products Navi, Mumbai, India), MRPM, IMPM and DRPM (Ranbaxy, India) were used. Silica gel G with 13% calcium sulfate as a binder was from E. Merck (Mumbai, India). All other reagents were of analytical grade. was transferred into a 50-mL standard volumetric flask, and then 25 mL of bidistilled water was added; the resulting mixture was sonicated for 30 min. The solution was filtered through Whatman filter paper No. (41) and the obtained residue was washed again with bidistilled water. The total filtrate was transferred into a 50-mL standard volumetric flask, and made up to the mark with bidistilled water.
Preparation of TMS
The TMS was prepared by mixing 0.1 M sodium meta silicate and NiSO4/ZnCl2/CuSO4/CoCl2 solutions (0.1 M each) in a volume ratio of 2:1. The gel was allowed to settle for 24 h, filtered, washed with bidistilled water and dried at 60 ± 2 C in a hot-air oven. The material was finally ground and passed through a 200-mesh sieve.
Preparation of TLC plates
The powdered TMS was mixed with silica gel G in different percentages (1.96, 3.92 and 6.24% (w/w)) and mixed with bidistilled water. The mixture was stirred for 2 h using a magnetic stirrer. The resultant slurry was applied on the glass plates (20 × 20 cm 2 ) with the help of an applicator to give a 0.5mm thick layer. The plates were first dried at room temperature, and then activated at 100 ± 2 C for 2 h. The activated plates were stored in a closed chamber at room temperature. The stationary phases used in this study are symbolized as S1 (plain silica gel G), S2 (Ni-silicate 1.96%), S3 (Ni-silicate 3.92%), S4 (Ni-silicate 6.24%), S5 (Zn-silicate 1.96%), S6 (Zn-silicate 3.92%), S7 (Zn-silicate 6.24%), S8 (Cu-silicate 1.96%), S9 (Cu-silicate 3.92%), S10 (Cu-silicate 6.24%), S11 (Co-silicate 1.96%), S12 (Co-silicate 3.92%), S13 (Co-silicate 1.96%).
Chromatographic procedure
The drug solutions (~0.05 mL) were applied to the TLC plate by means of fine glass capillaries. After drying of the spots, the plates were developed with the desired mobile phase 15 cm from the point of application by an ascending technique. The plates were dried in air and then placed in an iodine chamber. Brown spots on the plates revealed the location of the compounds.
Quantitative separations
For quantitative separation, a mixture of drugs (0.05 mL) containing 50 μg per spot was spotted by means of a micro syringe, and the plates were developed in the usual manner. Chromatograms of pure drugs were run under similar experimental conditions to ascertain the actual positioning of the spots on the plates. The regions containing the β-lactam were scraped from the plates and extracted with 5 mL of bidistilled water and then filtered. A clear solution containing 10 μg mL -1 of individual drug was analyzed by a standard spectrophotometric method using Ce(IV). 24
Results and Discussion
The chromatography of β-lactams was performed on silica modified TMS thin layers using different mobile phases: M1, butanol(62.5%)-methanol(25%)-water(12.5%); M2, butanol(75%)methanol(31.25%)-water(6.25%); M3, butanol(40%)-acetic acid(10%)-water(50%); M4, propanol(80%)-acetic acid(20%); M5, propanol(79%)-water(16%)-butanol(5%). All mobile phases have different polarity because various combinations of solvent resulted different polarity. The order of polarity of each mobile phase is given below:
The results of the chromatographic behavior of β-lactams on TMS modified thin layers are summarized in Tables 1 -3. The hRf values of β-lactams decrease (Table 1 ) and the spots become spherical and compact with increasing concentration of TMS (1.96 -6.24%) in silica thin layers. The effect of TMS on the chromatographic behavior revealed that TMS (3.92%) is the optimum for chromatographic studies, and was used for further studies. Further addition of TMS did not improve the resolution efficiency. The chromatographic behavior of the drug depends upon the metal (Ni 2+ , Zn 2+ , Cu 2+ and Co 2+ )-drug complex stability. Penicillins in the presence of transition-metal ion form complexes with the engagement of -COOand -CONHfunctional groups.
In IR studies of complexation in penicillin-transition metal ion systems, the small shift of νc = 0 towards higher frequencies rules out any direct metal-ligand (M-L) interaction via β-lactam carbonyl. 25 Spectral studies of cephalosporins indicate linking of the drug molecule with the metal ions through the ring nitrogen of the β-lactam thiazolidine ring and carboxylate ion forming a five membered ring. 26 Like cephalosporins, carbapenem may also bind with the metal ion through the ring nitrogen and carboxyl group.
The results listed in Table 2 deal with the use of M2 -M5 mobile phases for the chromatography of β-lactams using selected percentage of TMS (3.92%). The presence of the groups or atoms like -OH, -NH2, -S and -COOH in β-lactams make them polar, ionizing and soluble in polar solvents. The variation in hRf with different transition metal ions can be attributed to the stability of metal-drug complex formation and variation in the solubility of complexes in different solvent systems, or their different partition coefficients during development of the chromatogram. The following conclusions are drawn from Table 2 .
Nickel silicate modified silica
The penicillins (AMX and AMP) have the highest hRf in the M4 phase and lowest hRf in the M3 mobile phase. The order of hRf among penicillins in different mobile phases is M3 < M2 < M5 < M4. CFPD resolved from all cephalosporin in the M3 mobile phase due to their highest hRf value.
Among carbapenems, the order of hRf in the M2 and M3 mobile phases is DRPM < IMPM < MRPM. In the M4 and M5 mobile phases, IMPM shows hRf = 0 and retains at the point of application. Besides this, IMPM has a higher hRf in the M3 mobile phase. DRPM has a smaller hRf (11 -26) in all mobile phases. Hence, DRPM was resolved in M2 -M5 systems from all of the studied antibiotics. DRPM has a -SO2 group at R2 positions (Fig. 1 ) which resulted in greater retention (low hRf).
Zinc silicate modified silica
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Copper silicate modified silica
Penicillins have the minimum hRf in M5 mobile phase and the order of hRf in various systems is M5 < M2 < M4 < M3. It is evident that CFPD, CFCR and CFRX have the maximum hRf in the M3 mobile phase, while CFTX and CTRX show the maximum hRf in the M4 and M5 mobile phases, respectively. CFTX and CTRX have almost the same hRf values in all the mobile phases. Among carbapenems, MRPM has the higher hRf value in all of the studied mobile phases with a minimum hRf in the M5 mobile phases. DRPM shows the minimum hRf in M5 among the M2 -M5 mobile phases.
Cobalt silicate modified silica
Both, AMX and AMP have the highest hRf in the M5 mobile phase and the lowest in the M3 mobile phase. The basic trend of hRf of penicillins in different mobile phases is M3 < M2 < M4 < M5. All of the cephalosporins have higher and closer hRf values in the M5 phase. In the M3 mobile phase, CFPD can be resolved from CFTX and CFCR. Among carbapenems, MRPM has higher hRf values in all of the mobile phases. IMPM has lower hRf values in the M4 and M5 mobile phases, and higher hRf values in the M2 and M3 mobile phases. In all mobile phases, DRPM could be successfully resolved from MRPM.
The modification of silica thin layers by TMS resulted in compact-spherical spots, a differential rate of migration and hence an improved separation efficiency of the developed TLC method. The optimum % of TMS is 3.92. Good resolution was found in binary mixtures having differences between the hRf values ≥ 20. To confirm the success of these separations, recovery studies were carried out. The amount of loaded synthetic mixture was determined spectrophotometrically using Ce(IV). 16 The concentration of separated antibiotics was deduced from their respective calibration curves under similar conditions. The results listed in Table 3 are indicative of a good accuracy-percentage recovery range of 98.7 -100.3% and the high precision of the method (RSD < 0.273).
Conclusions
The developed TLC method is economic, selective, reproducible and applicable for the identification and separation of β-lactams. Chromatographic studies revealed that among the studied transition metal silicates, zinc and cobalt silicates give more compact and clear spots. The practical utility of this method was demonstrated through quantitative identification of β-lactams in commercially available dosage forms. The percentage recovery, accuracy and reproducibility of the method were checked statistically.
